Painful subtalar arthritis, increased calcaneal width, calcaneofibular abutment and impingement of the peroneal tendons may all develop after displaced intra-articular fractures of the os calcis. Subtalar arthrodesis alleviates pain in the subtalar joint. A generous lateral-wall ostectomy reduces the width of the heel, addresses calcaneofibular abutment and decompresses the peroneal tendons. The loss of talocalcaneal height results in a decrease in the talar declination angle with the potential for anterior impingement of the tibia on the neck of the talus and loss of dorsiflexion of the ankle.
There is ongoing discussion as to the relative merits of distraction bone-block arthrodesis compared with in situ arthrodesis for the treatment of fracture of the os calcis with loss of talocalcaneal height. It has been suggested that to relieve anterior impingement the relationship between the os calcis and talus needs to be made normal by distracting the subtalar joint with a structural bone graft in order to restore the talar declination angle. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Distraction bone-block arthrodesis is a demanding procedure with a high rate of complications and re-operation compared with in situ arthrodesis. 2 Several studies on distraction bone-block arthrodesis have shown improvement in radiological parameters including the talocalcaneal height, [1] [2] [3] [4] [7] [8] [9] [10] [11] but none has demonstrated a consistent increase in the range of dorsiflexion of the ankle, as might be expected if impingement had been relieved. 1, [9] [10] [11] In fact, there is a trend towards reduction of both plantar flexion and dorsiflexion.
We have reviewed a consecutive series of patients in whom in situ arthrodesis had been performed for fracture of the os calcis paying particular attention to the range of movement and anterior impingement after operation.
Patients and Methods
A series of 31 patients who had undergone subtalar arthrodesis for the sequelae of a frac-ture of the os calcis between 1997 and 2003, inclusive, was identified from theatre records. It has been our policy to perform in situ arthrodesis with lateral-wall ostectomy for subtalar arthritis secondary to a fracture of the os calcis regardless of the amount of loss of talocalcaneal height, the only exception being the supplementary performance at the time of the arthrodesis of an osteotomy or structural bone graft to correct severe coronal deformity. Patients who had attempted reduction of the fracture at the time of injury or who suffered a nonunion were excluded, as were those with bilateral fractures, since the normal side was required for comparison. We also excluded patients who had an osteotomy of the os calcis or structural bone graft to correct coronal deformity at the time of arthrodesis. In addition, patients with degenerative changes of the calcaneocuboid joint, for which a triple arthrodesis was required, were not included.
Thus, we excluded five patients who had undergone open reduction and internal fixation of the fracture at the time of injury, two who had suffered nonunion, three with bilateral injuries and two for whom correction of marked valgus deformity had been performed at the time of arthrodesis. This left 19 patients suitable for inclusion in the study. Two were lost to follow-up, leaving 17 available for assessment. There were 14 men and three women with a mean age of 45.6 years (22 to 65). They underwent clinical review, and lateral weight-bearing radiographs of both feet and ankles were taken.
The patients were assessed using the American Orthopaedic Foot and Ankle Society (AOFAS) hindfoot score 12 which allocates six points for movement of the hindfoot. These points are obviated by fusion and therefore the score was modified so that this variable was not included, giving a maximum possible score of 94 instead of the usual 100. Although not validated, this was used because it is a commonly applied hindfoot score. The information needed to calculate the pre-operative score was retrieved by the author (NS) from the patient's records. The range of movement in the sagittal plane was measured clinically by the author (NS) using a goniometer on both occasions. No visual analogue scores for pain were collected. Additional information relating to anterior impingement and foot wear was obtained at the clinical review as well as data relating to change of occupation, the receipt of compensation, the desire to have surgery again and overall satisfaction with the outcome.
The supplementary questions in relation to the results of the in situ arthrodesis were as follows: 1) Do you ever suffer from pain at the front or on the outside of your ankle? 2) Are you able to squat comfortably? 3) Do you have difficulty ascending slopes or stairs? 4) Do you have difficulty descending slopes or stairs? 5) Have you had to change the type or size of shoes which you wear? 6) Can you walk on tiptoe?
From the latest weight-bearing lateral radiographs the talocalcaneal height, talar declination angle and talocalcaneal angle of both ankles were measured by NS as previously described 11 ( Fig. 1 ). These measurements were performed on two occasions by NS and a mean of these two measurements was calculated. Operative findings. Under the control of a thigh tourniquet, a horizontal incision of 4 cm was made from the tip of the fibula aligned with the fourth metatarsal. With careful protection of the superficial peroneal nerve and the peroneal tendons, extensor digitorum brevis was elevated from the os calcis to expose the posterior facet.
The sinus tarsi was cleared of soft tissue to allow a lamina spreader to distract the posterior facet. The articular surface was then denuded of cartilage using a flexible chisel until the tendon of flexor hallucis longus could be visualised across the joint. The lateral wall of the calcaneum provided a source of bone graft, otherwise graft was harvested from the tibia or fibula. Once bony apposition had been achieved, a guide-wire was advanced from the calcaneal tuberosity across the posterior facet into the talar dome and its position was checked fluoroscopically. After appropriate reaming, a single 7 mm partially-threaded cancellous screw was advanced along the guide-wire to provide compression. The wounds were closed in anatomical layers and a below-knee plaster-of-Paris splint was applied.
After inspection of the wound ten to 14 days postoperatively, a complete cast was applied with the patient remaining non-weight-bearing until six weeks had elapsed. At 12 weeks post-operatively, the cast was removed to allow clinical and radiological assessment. The cast was reapplied and the process repeated at six-weekly intervals until union had been achieved. In the presence of persistent pain and poor radiological evidence of progression to union CT assessment of the arthrodesis was undertaken. Statistical analysis. The change in the mean AOFAS score was compared using Student's t-test. Statistical significance was set at p ≤ 0.05.
Results
The mean delay from fracture to fusion was 41 months (7 to 288) and the mean time to follow-up was 78.7 months (48 to 94). The AOFAS hindfoot score improved from a mean of 29.8 (13 to 48) pre-operatively to a mean of 77.8 (48 to 94) post-operatively (t-test p < 0.001). Of the 17 patients available for review, 15 were satisfied with their fusion and two were satisfied with reservations. Both of the latter patients had suffered from a compartment syndrome at the time of injury, in one resulting in numbness of the sole of the foot and in the other painful clawing of the toes. All patients said they would accept the procedure again if they were in the same situation.
An increase in the size of shoes worn as a result of increased foot length was required in six patients. No occupational change was needed for 13 patients, including eight manual workers. Of the remaining four patients, two labourers moved to less physically demanding jobs, one farm worker retired because of her work-related fracture and one office worker is now employed as a labourer. Compensation had been received by nine patients and a further two had ongoing claims.
Six patients complained of heel pain and six of lateral ankle pain. One patient complained of anterior ankle pain. Difficulty in ascending stairs and slopes was experienced by two patients and in descending in four. Squatting could be comfortably achieved by 14 patients. On examination no patient had anterior impingement of the ankle or peroneal tenderness and all could walk on tiptoe. The post-operative ranges of movement and the radiological parameters compared with the uninjured side are presented in Table I and Figure 2 .
One post-operative wound infection settled after the administration of oral antibiotics. One patient complained of tenderness over a screw head at the heel but declined to 
Fig. 2b
Radiographs of the same patient as in Figure 1 showing a) the other ankle after in situ arthrodesis for the sequelae of a fracture of the os calcis with a tibiocalcaneal height of 77 mm (93 mm normal side), a talar declination angle of 6˚ (18˚ normal side) and a tibiocalcaneal angle of 10˚ (32˚ normal side), b) active dorsiflexion measuring 16˚ (20˚ normal side) and c) active plantar flexion measuring 35˚ (45˚ normal side). have it removed, and one had removal of the metal work. Cushioned heels were required by two patients to manage pain of the heel and two complained of the malleoli rubbing on the strap of standard footwear which they overcame by wearing a heel raise within the shoe. Intermittent numbness along the lateral border of the foot was described by three patients and one had numbness of the sole of the foot and toes secondary to a compartment syndrome at the time of injury.
Discussion
Carr et al 4 first drew attention to anterior impingement as a cause of pain and loss of movement after fracture of the os calcis when describing distraction bone-block arthrodesis. In this procedure the subtalar joint was distracted and fused using a structural bone graft as large as 2.5 cm if necessary, to restore the angular relationship between the os calcis and talus, to improve the talar delineation angle and to remove the propensity for anterior impingement of the talar neck on the anterior tibia in dorsiflexion. In addition, the lateral wall of the os calcis was excised and the sural nerve routinely transected and buried to avoid reformation of a neuroma or occult injury since a posterior approach had been advocated.
Myerson and Quill 9 refined the indications for distraction bone-block arthrodesis to subtalar arthritis with reduction in the talocalcaneal height greater than 8 mm. This was performed regardless of the presence or absence of anterior impingement on radiographs or anterior ankle pain.
Since these initial descriptions several studies have reported the technique (Table II) , with most demonstrating an improvement in the mean AOFAS hindfoot scores ranging between 64 5 and 76.5. 6 The mean AOFAS hindfoot score in our patients at final follow-up was 77.8, which we assume reflects the fact that cases of nonunion were excluded from our series. The reason for excluding nonunion was not to improve the AOFAS score artificially, but to ensure that there was an accurate assessment of the results of this procedure in isolation. Our results with in situ arthrodesis were similar to those of distraction boneblock arthrodesis, but with fewer complications.
Our patients obtained good relief of pain with in situ subtalar arthrodesis as reflected in the improvement in the AOFAS score indicating a global reduction in pain. No patient had anterior impingement. In only two studies 1,3 on distraction bone-block arthrodesis has there been comment on anterior impingement. Amendola and Lammens 1 found that nine of 15 patients had anterior impingement preoperatively which resolved in eight after operation. Burton et al 3 found that only two patients in their series of 13 had anterior impingement after operation with a mean followup period of 47 months. In our patients with in situ arthrodesis, despite marked loss of talocalcaneal height and talar declination angle, only one patient had anterior ankle pain although two reported difficulty ascending slopes or stairs and four difficulty in descending.
Several studies1-4,9-11 on distraction bone-block arthrodesis have demonstrated marked improvements in talocalcaneal height and the talocalcaneal and talar declination angles but in only four 1,9-11 was there comment on the range of movement (Table III) . Myerson and Quill 9 noted a mean improvement in dorsiflexion of 15˚ in eight patients, no change in four and a mean loss of 10˚ in two; Amendola and Lammens 1 observed a reduction in the mean dorsiflexion of the ankle from 13˚ to 11˚; Trnka et al 11 noted that the mean post-operative dorsiflexion was 0˚ and plantar flexion 32˚; Rammelt et al 10 found an improvement in the mean post-operative dorsiflexion from 7˚ to 8˚ and a reduction in the mean plantar flexion from 37˚ to 30˚.
The radiological measurements in our study showed marked post-operative deformity with loss of talocalcaneal height and talar declination, and talocalcaneal angles exceeding that of any series of distraction bone-block arthrodesis in which these radiological measurements had been reported (Table I ). This may reflect attempted reduction of the fracture at the time of injury in these other series. Despite this, the reduction in range of dorsiflexion and plantar flexion in our patients did not appear to differ appreciably from the published figures for distraction boneblock arthrodesis (Table III) .
It may be expected that distraction bone-block arthrodesis by means of restoring the talar declination angle towards normal would offer a better range of dorsiflexion and plantar flexion, but this has not been borne out in previous studies. There appears to be more limitation of movement of the ankle than would be expected because of loss of the sagittal component of the movement of the subtalar joint alone.
Distraction bone-block arthrodesis is a more technically demanding procedure than in situ arthrodesis with a greater potential for complications 1, 4, 7, 9, 11, 13 including varus malunion, 7 increased rates of nonunion, 5 morbidity of the iliac-crest at the donor site, 7, 13 sural nerve injury, 4 requirement for removal of the metalwork 9 and difficulties in wound healing. 4 By excluding patients in whom previous surgery had been performed, our findings have shown a range of movement of the ankle which was no worse than that in distraction bone-block arthrodesis. Until distraction bone-block arthrodesis can be shown to confer a significant advantage we feel that the risks outweigh any potential benefits. We recommend in situ arthrodesis combined with lateral-wall ostectomy for all cases of subtalar arthritis resulting from fracture of the os calcis without marked coronal deformity, regardless of the extent of the reduction in talocalcaneal height.
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